Neocortical microcircuits of primary sensory cortices play prominent roles in processing peripheral input. The same cortical microcircuits are also spontaneously active, which profoundly influences sensory processing. In this issue of Neuron, Sakata and Harris compare spontaneous and sensory-evoked activity in rat primary auditory cortex, finding interesting similarities and important differences.
Diverse patterns of spontaneous electrical activity of the neocortex reflect different internal brain states (Buzsaki and Draguhn, 2004; Poulet and Petersen, 2008; Haider and McCormick, 2009 ). All mental activity, including sensory processing, motor control, learning, and cognitive processing, must occur in concert with the ongoing spontaneous brain activity. Indeed, ongoing spontaneous cortical activity and differences in brain states strongly affect sensory processing and perception (Castro-Alamancos, 2002; Crochet and Petersen, 2006; Ferezou et al., 2007; Otazu et al., 2009 ). Investigating the structure and dynamics of spontaneous cortical activity and the way it interacts with sensory-evoked activity is therefore of key importance to understanding the mechanisms of higher brain function.
The coordinated activity of many neurons communicating synaptically within recurrently connected neuronal networks is thought to underlie the spontaneous neocortical activity. The best understood patterns of neocortical spontaneous activity are the slow oscillations that dominate during anesthesia, slowwave sleep, and quiet wakefulness (Haider and McCormick, 2009) . During these resting brain states, slow largeamplitude membrane potential fluctuations are highly synchronous in all nearby neurons (Volgushev et al., 2006; Poulet and Petersen, 2008) . These slow oscillations can be generated internally within the cortex (Sanchez-Vives and McCormick, 2000; Timofeev et al., 2000) and propagate in a wave-like manner across large horizontal distances (Ferezou et al., 2007) . Although all neurons exhibit subthreshold spontaneous activity, there is now converging evidence from extracellular recordings (de Kock and Sakmann, 2009) , two-photon calcium imaging (Kerr et al., 2005) , and whole-cell recordings (Crochet and Petersen, 2006; Lee et al., 2006; Poulet and Petersen, 2008 ) that action potential firing in excitatory neurons of the supragranular layers 2/3 (L2/3) is sparse even during locomotion (Lee et al., 2006) and active sensory processing (Crochet and Petersen, 2006) . In contrast, spontaneous action potential firing rates are much higher in infragranular layer 5 (L5) excitatory neurons (de Kock and Sakmann, 2009 ). However, to date there have been very few studies simultaneously recording the spatiotemporal dynamics of supragranular and infragranular layers. In this issue of Neuron, Sakata and Harris combine single-unit extracellular recordings from identified cortical neurons and multisite electrophysiological recordings to shed new light on the laminar structure of both sensory-evoked and spontaneous action potential firing in the primary auditory neocortex of the rat.
Differential Laminar Signal Propagation during Spontaneous and Evoked Activity
Using linear silicon probes inserted vertically into the primary auditory cortex such that recording sites were located across all layers in a single column, Sakata and Harris found that auditory-evoked spiking responses were initiated in L4 and upper L6 ( Figure 1A ). This is in excellent agreement with expectations from anatomical, single-unit latency, and local field potential current source density analyses. Thalamocortical afferents signal sensory information to primary sensory cortical regions. These glutamatergic axonal arborizations terminate densely in L4, with an additional but less-dense innervation of upper L6. The first responses evoked in the neocortex are therefore directly driven by the thalamic input in the locations where the thalamocortical axon density is highest. Subsequently, the auditory evoked response propagated into the supragranular L2/3 and infragranular L5/6, presumably in large part driven by the powerful output connectivity of L4 neurons to all other layers in a cortical column (Lefort et al., 2009) .
When Sakata and Harris used the same recording methods to analyze spontaneous events, they found a very different pattern of activity. Spontaneous events initiated in L5/6 ( Figure 1B) . In some cases, the spontaneous activity remained confined to the infragranular layers, and no action potentials were observed in the supragranular layers. During other spontaneous events, the activity of L5 neurons propagated into the supragranular layers. The major difference comparing sensory-evoked and spontaneous activity is therefore the site of initiation. Sensoryevoked activity begins in L4 (and upper L6), whereas spontaneous activity begins in L5 (and L6). That spontaneous activity in vivo initiates in L5 is in excellent agreement with previous in vitro experiments (Sanchez-Vives and McCormick, 2000) . Layer 5 neurons are intrinsically more depolarized than L2/3 neurons, on average being 10 mV closer to action potential threshold (Lefort et al., 2009 ). In addition, L5 neurons are strongly synaptically coupled to other nearby L5 neurons in a highly recurrent excitatory microcircuit. The properties of L5 neurons may therefore endow these neurons with greater excitability and the possibility to initiate spontaneous waves of excitation. Within the cortical column, L5 neurons have relatively weak connections to L2/3 (Lefort et al., 2009) , which might underlie the poor propagation of spontaneous activity into supragranular layers observed by Sakata and Harris.
Using multishank parallel probes or linear probes inserted parallel to cortical layers, the authors also studied the lateral propagation of sensory-evoked and spontaneous suprathreshold activities. They found that both sensory-evoked and spontaneous suprathreshold activities have a relatively limited horizontal spread in superficial layers and a more extended propagation in deep layers (Figure 1) . Their results thus suggest a more localized cortical coding in superficial layers.
It should be noted that the weak suprathreshold activity with limited lateral spreading in the superficial layers contrasts with the widespread response and propagation of subthreshold activity observed in superficial layers with intracellular recordings and voltage-sensitive dye imaging (Volgushev et al., 2006; Ferezou et al., 2007) . So it appears to be primarily at the level of action potential firing that major differences are found between cortical layers.
''Sparse'' Firing in Supragranular Layers and ''Dense'' Firing in Infragranular Layers
The mean firing rate of cortical neurons in vivo and whether information is encoded by ''sparse'' or ''dense'' activity is intensely debated. In their simultaneous recordings in different cortical layers, Sakata and Harris found evidence for a coexistence of both sparse and dense types of activity. In general, L5 pyramidal neurons fired at high rates during both spontaneous and evoked activity, whereas L2/3 pyramidal neurons overall fired at low rates during both types of activity. These results confirm and extend a recent juxtacellular study in somatosensory cortex (de Kock and Sakmann, 2009). Such dense firing in L5 might imply a population rate encoding of information, whereas the sparse firing in L2/3 suggests a cell-specific temporal code.
Interestingly, Sakata and Harris (2009) also found remarkable cell-by-cell correlations between sensory-evoked and spontaneous firing rates. Neurons that fired many action potentials during spontaneous events also fired many action potentials in response to auditory stimuli. Conversely neurons that fired few spontaneous action potentials, also fired little during auditory stimulation. In part, this result reflects layer-specific differences in firing rates, but the analysis of Sakata and Harris shows that the correlation between spontaneous and evoked firing rates holds true even within a given layer. Thus, there appear to be some neurons in each layer that are orders of magnitude more active than other nearby neurons. Perhaps the less active neurons provide a ''reserve pool'' useful for learning, or perhaps under different behavioral conditions these less active neurons will become highly active and play a prominent role. It will certainly be of enormous interest to learn what makes some neurons so much more active compared to their neighbors.
Future Perspectives
The data of Sakata and Harris provide fundamental insight into the dynamics of neocortical network activity. Although they confirmed basic results in awake recordings, most of the data were collected from anesthetized animals and, in future studies, it will therefore be of great importance to further examine cortical dynamics during different brain states and during different behaviors. In particular, active behaviors have been shown to suppress the slow large-amplitude cortical spontaneous activity; to decorrelate subthreshold membrane potential changes of nearby neurons; and to reduce the amplitude and the lateral extent of sensory responses (Castro-Alamancos, 2002; Crochet and Petersen, 2006; Ferezou et al., 2007; Poulet and Petersen, 2008) , thus potentially shifting cortical circuits into a dramatically different operating mode. Applying the high-density extracellular recording technique used here is sure to provide exciting data for many years to come. A) Sensory information relayed from the thalamus arrives predominantly in layer 4 (and to a lesser extent in upper layer 6) of the neocortex. This glutamatergic input drives neurons in layer 4 (and layer 6) to fire action potentials (red-orange). Local excitatory synaptic connections within the same cortical column signal sensory information to neurons in supragranular layers 2/3. Most layer 2/3 neurons depolarize (blue), but only few fire action potentials. Neurons in infragranular layers 5/6 also depolarize and fire many action potentials spreading information horizontally. (B) Spontaneous activity in a given cortical column may be initiated by lateral inputs or by intrinsically active layer 5 cortical neurons. The spontaneous activity begins in neurons located in infragranular layers 5/6, which fire many action potentials. This activity depolarizes neurons in supragranular layers, which fire sparse action potentials. In addition, the spontaneous layer 5 activity also propagates laterally within layer 5, although the spread is slower than for sensory-evoked activity. The early events driving spontaneous activity are therefore very different from sensory-evoked activity. However, later in the response, the laminar structure of sensory-evoked and spontaneous activity becomes similar.
